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Complex partial seizures commonly manifest with diverse ictal
behaviours and phenomena, however hiccups are infrequently
described. To the best of our knowledge ictal hiccups have not been
documented with video EEG correlation in complex partial
seizures. Here, we describe two patients, both with structural
lesions and concordant EEG ﬁndings, in whom hiccups occur
towards the end of seizures. We discuss the origin of the hiccups
and their contribution to the seizure course.
2. Case one
A 73 year old lady with a 57 year history of complex partial
seizures and occasional secondary generalisation was admitted for
video telemetry as a part of her pre-surgical evaluation. Typical
complex partial seizures were characterised by right arm move-
ments and, when standing, falls that sometimes resulted in injury.
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http://dx.doi.org/10.1016/j.seizure.2012.09.001(Fig. 1a, i–iii). Her seizures had proved refractory to multiple anti-
epileptic medications and on admission she was taking lamo-
trigine 125 mg twice daily, levetiracetam 250 mg twice daily (both
of which were stopped during telemetry) and zonisamide 100 mg
twice daily (whichwas continued). Seizure frequency at the time of
admission was around 2 per month. Her resting EEG demonstrated
normal posterior background rhythmwith frequent short bursts of
sharp waves/spikes in the right temporal region, maximal
anteriorly. During the recording the patient had 3 seizures each
lasting around 2 min, clinical and EEG changes were similar in all
events. Attacks began with right hand automatism and slow head
version, followed by chewing movements (Video 1). This was
followed by clonic movements of the left hand and then, on each
occasion, hiccups; shortly after hiccup onset the seizures ended. No
hiccups were recorded outside of seizure events. During the
seizures prominent rhythmical ictal epileptiform discharges in the
theta frequencywere apparent over the right temporal regionwith
anterior emphasis. Bihemispheric involvement soon followed but
the right anterior temporal dominance remained intact. Following
the attacks she was confused and wandered around the bed.
Subsequently the patient underwent a right selective amygdalo-
hippocampectomy and no seizures have been reported post-
operatively during one year follow up.
3. Case two
A 23 year old lady presented with frequent seizures since
infancy. Seizures were typically complex partial events charac-
terised by ﬁdgeting and occasional vocalisation and/or secondary
generalisation. Occasional simple partial events characterised by
‘‘tingling’’ sensations over the left side of the body were also
reported, as were nocturnal seizures. Seizure frequency at the time
of recording was approximately 8 per month. She was being
treated with levetiracetam 1500 mg (reduced to 500 mg during
recording), topiramate 200 mg and carbamazepine 800 mg, all
twice daily. MRI imaging demonstrated a gliotic lesion in the right
parietal lobe (Fig. 2a), possibly a previous ischaemic insult. Right
mesial temporal sclerosis was also present (Fig. 2b). Resting EEG
demonstrated normal alpha rhythm bilaterally and irregular slow
wave activity over the right fronto-temporal region. Additionally,
intermittent sharp waves were noted over the right temporalvier Ltd. All rights reserved.
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Fig. 1.MRI and EEGs for patient 1.MRI brain imaging from 3 contiguous slices demonstrates rightmesial temporal sclerosis ((a, i-iii), arrows). Scalp EEG shows right temporal
seizure onset (b), followed by bilateral spread with right hemispheric emphasis during the ictal hiccups (c). (d) Post-ictal EEG.
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Fig. 2.MRIs and EEGs for patient 2. Neuroimaging demonstrates gliosis in the right parietal lobe (a) and right mesial temporal sclerosis (b). Scalp EEG recordings reveal right
parietal onset (c), followed by generalised electrographic changes during the ictal hiccups (d). (e) Post-ictal EEG.
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surgical evaluation was required to assess the ictal onset zone as
she had two lesions. Three clinical seizures were captured during
video telemetry recording, all of which arose during sleep. These
attacks began with ﬁdgeting and repetitive leg movements,
followed by mouthing actions and vocalisation (Video 2). In one
attack the patient began to hiccup and the seizure terminated
shortly after this (Video 2). In each event the ictal epileptic rhythm
was ﬁrst recorded over the right parietal area which precededclinical onset, ictal activity then subsequently spread to involve the
whole right hemisphere and then the left hemisphere. The patient
went on to have a vagal nerve stimulator implantedwhich reduced
seizure frequency.
4. Discussion
Sudden, repetitive diaphragmatic and intercostal myoclonus
leads to a rapid air rush into the lungs causing abrupt vocal cord
J.J.P. Alix et al. / Seizure 21 (2012) 820–822822and glottic closure, resulting in the characteristic ‘‘hic’’ of the
hiccup.1 Understanding of the physiology of hiccups is far from
complete but the afferent loop likely includes phrenic, vagus and
sympathetic nerves from T6-12, while the efferent loop is
mediated by motor phrenic ﬁbres and associated nerves innervat-
ing intercostal muscles.2 Thus, both the afferent and efferent loops
of the ‘‘hiccup reﬂex arc’’ may involve activation of the phrenic
nerve with the end result of diaphragmatic contraction. Hiccup
generation may occur in the medulla with higher cortical
inﬂuences from the hypothalamus and temporal lobe and
prolonged hiccups have been associated with medullary lesions.3
However, hiccups have been reported in a wide variety of
pathologies, including malignancy and various organ trans-
plants.4,5
Hiccups are infrequent phenomena during seizures of any type.
From our review of the literature only Fogarasi et al., have reported
hiccups associated with complex partial seizures; their report on
childhood partial seizures included one patient with hiccups
although it is not clear whether these happened during the ictal or
post-ictal periods.6 We have previously reported hiccups during
the ictus in a child with absence seizures.2 In both of the cases we
present in this paper the EEG onset was concordant with structural
lesions, mesial temporal sclerosis in patient one and right parietal
gliosis in patient two. The origin of the hiccups in these cases is
uncertain, limiting their localising value in seizure semiology.
Intractable hiccups have been reported, in the absence of seizures,
in temporal lobe glioblastoma.7 Similarly, Marsot-Dupuch
reported three cases of persistent hiccups associated with
temporal lobe lesions, and while seizures were reported, the
nature of the events and their exact relationship to the hiccups is
not described.8 Hiccups also persisted in a patient with temporal
lobe pathology even following seizure control with anti-epileptic
medication.9 Our second patient’s seizure onset is in the parietal
lobe and we can ﬁnd no evidence of parietal lobe abnormalities
being associated with hiccups. Based on the literature discussed, if
the hiccups are the result of a focal cerebral pathology it is possible
that it is spread of the seizure to the temporal lobe that drives
hiccup genesis, most probably through connections with the
brainstem. Alternatively, the hiccups may reﬂect autonomic
involvement.6 However, in both instances, the hiccups commence
once seizure activity has spread to involve both cerebral hemi-
spheres. The hiccups may therefore reﬂect activation of thalamo-
cortical pathways during bihemispheric seizure activity, as we
have suggested in a patient with absence seizures,2 restricting
their contribution to seizure semiology.
In both patients the hiccups were apparent at the end of the
ictus. The myoclonic activity of the diaphragm is mediated by the
phrenic nerve; however, the vagus nerve is an integral component
of the hiccup reﬂex and provides a means for ascending signals to
be conveyed to higher centres during the hiccups. Vagal nerve
stimulation is an effective treatment for refractory epilepsy.
Hiccups may herald the end of the ictus through vagal activity and
it is pertinent to note the improved seizure control of patient2 with vagal nerve stimulation therapy. Interestingly, inter-ictal
onset of hiccups has been reported to be associated with cessation
of atonic seizures.10 In this case, once the hiccups stopped the
seizures returned suggesting an inhibitory effect of the hiccup
reﬂex on seizure generation.
Author’s contributions
James J.P. Alix wrote the manuscript and designed the ﬁgures.
Athi Ponnusmay identiﬁed the patients, constructed the ﬁgures
and videos and edited the manuscript. Debapriya Bhattacharyya
identiﬁed the patients, edited the ﬁgures and manuscript. Nigel
Hoggard reviewed and selected magnetic resonance imaging.





We wish to thank David Equeall for his technical assistance in
creating the video clips.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.seizure.2012.09.001.
References
1. Chang FY, Lu CL. Hiccup: mystery, nature and treatment. Journal of Neurogas-
troenterology Motility 2012;18(2):123–30.
2. Ponnusamy A, Rao G, Baxter P, Field P. Ictal hiccup during absence seizure in a
child. Epileptic Disorders 2008;10(1):53–5.
3. Mattana M, Mattana PR, Roxo MR. Intractable hiccup induced by cavernous
angioma in the medulla oblongata: case report. Journal of Neurology Neurosur-
gery and Psychiatry 2010;81(3):353–4.
4. Porzio G, Aielli F, Verna L, Aloisi P, Galletti B, Ficorella. Gabapentin in the
treatment of hiccups in patients with advanced cancer: a 5 year experience.
Clinical Neuropharmacology 2010;33(4):179–80.
5. Rosenberger J, Veseliny E, Bena L, Roland R. A renal transplant patient with
intractable hiccups and review of the literature. Transplant Infectious Disease
2005;7(2):86–8.
6. Fogarasi A, Janszky J, Tuxhorn I. Autonomic symptoms during childhood partial
epileptic seizures. Epilepsia 2006;47(3):584–8.
7. Van Durne CM, Idema RN, van Guldener C. Two rare complications of glioblas-
toma multiforme: persistent hiccup and aquired haemophilia A. Netherlands
Journal of Medicine 2008;66(7):286–8.
8. Marsot-Dupuch K, Bousson V, Cabane J, Tubiana JM. Intactable hiccups: the role
of cerebral MR in cases without systemic cause. American Journal of Neuroradi-
ology 1995;16(10):2093–100.
9. Jansen PHP, Joosten EMG, Vingerhoets HM. Persistent periodic hiccups follow-
ing brain abscess: a case report. Journal of Neurology Neurosurgery and Psychiatry
1990;53:83–4.
10. Ikeda A, MatsuokaMD, Yoshihumi N, Shibasaki H. Hiccups start, seizures cease.
Annals of Neurology 2001;50(1):128–9.
